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ARTICLEINFO | Abstract
Article type: Accordingly the main objective of this study is to examine the effect of
Research Paper resilient landscape design on users’ energy efficiency behavior,
considering the mediating role of perceived resilience in Tabriz Science
and Technology Park. This study is applied in terms of purpose and
. . follows a descriptive—correlational research design based on structural
Article history: equation modeling. Data were collected using a questionnaire and
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Revised: April 27, 2026 analyzed through the Partial Least Squares (PLS) approach. To evaluate
Accepted: June 16, 2026 the reliability and validity of the measurement instrument, Cronbach’s
Published: June 16, 2026 alpha, composite reliability, and average variance extracted (AVE) were
employed, and the relationships among variables were examined through
the structural model. The findings indicate that resilient landscape design
has a positive and significant effect on users’ perceived resilience ( 0.64,

g:syigggf 1S2;n dscape t 11.45). Perceived resilience also has a significant positive effect on
design perceived energy efficiency behavior ( 0.48, t 8.23). In addition, resilient landscape
resilience energy design directly influences energy efficiency behavior (f 0.35, t 5.72).
efficiency science and Furthermore, the indirect effect of resilient landscape design on energy
technology parks user efficiency behavior through perceived resilience is 0.31, while the total
behavior effect is 0.66, indicating the mediating role of perceived resilience in this

relationship. Overall, the results demonstrate that resilient landscape
design can function as an effective tool for enhancing users’
environmental perceptions and promoting energy efficient behaviors in
science and technology parks. Paying greater attention to environmental
design quality alongside technological solutions can therefore contribute
to the sustainable development of such innovation environments.
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Introduction

Science and technology parks are among the
core infrastructures that support innovation,
yet their effectiveness depends not only on
technological capacity but also on the
environmental performance and energy
efficiency of their outdoor spaces. In this
context, landscape design plays a crucial role
in regulating energy use, shaping user
behavior, and contributing to sustainable
environmental management. The cold and
mountainous climate of Tabriz, characterized
by significant temperature fluctuations
throughout much of the year, provides an ideal
setting for examining how landscape elements
contribute to energy performance in
technological environments. The central
problem of this study is to determine how the
features of resilient landscape design
influence energy efficiency behavior in
technology parks, and whether this influence
occurs directly or through users’ perception of
environmental resilience. The importance of
this issue can be understood on several levels.
Environmentally, resilient landscape design
helps promote sustainable development
patterns within innovation environments and
reduces dependence on non renewable energy
sources. From an urban design perspective,
analyzing the relationships between spatial
design, user perception, and energy related
behavior bridges the existing gap between
physical form and consumption patterns in
scientific campuses. From a managerial
standpoint, the findings can provide practical
guidance for planners and decision makers in
designing smart open spaces, optimizing
energy use, and improving environmental
comfort. Based on this foundation, the key
research question is as follows: What role
does resilient landscape design play in
enhancing energy efficiency in technology
parks, with an emphasis on user behavior and
perception in the cold climate of Tabriz?
Addressing this question not only fills the
conceptual gap at the intersection of landscape
design and energy management but also offers
actionable strategies for reducing energy
consumption and improving thermal
satisfaction. Ultimately, the findings can serve

as a localized model for sustainable design in
technology parks across cold regions of Iran.

Methodology

This study is applied in terms of its purpose
and descriptive analytical in nature,
employing a quantitative approach aimed at
analyzing the causal relationships among
resilient landscape design, user perception,
and energy efficiency behavior. The statistical
population includes all experts, employees,
and active visitors of the Tabriz Science and
Technology Park. Due to the lack of precise
population statistics and limited access to all
members of the community, simple random
sampling was employed to collect the required
data. Based on structural equation modeling
standards and the rule of a minimum of ten
times the number of indicators (twelve
indicators multiplied by fifteen), the sample
size was determined to be 180 participants. To
ensure model validity and compensate for
potential sample attrition, a total of 200
questionnaires were distributed. The data
collection instrument was a researcher
designed questionnaire consisting of twelve
specialized items measured on a five point
Likert scale. Content validity of the
instrument was assessed through expert
review in the fields of urban planning and
landscape  architecture, as well as
confirmatory factor analysis (CFA). Internal
reliability was evaluated using Cronbach’s
alpha and composite reliability (CR), with a
threshold value of 0.70. For data analysis,
descriptive statistics were first employed in
SPSS to examine the demographic
characteristics of respondents. In the final
stage, structural equation modeling (SEM)
using SmartPLS was applied to test the
hypotheses and extract causal relationships
among the latent variables. This software was
selected due to its strong capability in
analyzing complex models and generating
robust outputs, making it an optimal tool for
evaluating the role of resilient landscape
design in enhancing energy efficiency within
the cold climate of Tabriz.

Results and Discussion

The results of the structural equation
modeling demonstrate that the proposed
framework exhibits strong psychometric
robustness and statistically meaningful
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relationships among the studied constructs.
Factor loadings across all indicators exceeded
the acceptable threshold, and reliability
indices—including Cronbach’s alpha and
composite reliability—remained consistently
high, confirming internal  coherence.
Convergent and discriminant validity were
fully supported through AVE values above
0.50 and clear construct separation within the
Fornell-Larcker matrix. Model fit indices
indicated an excellent structural adequacy,
with SRMR within the optimal range and NFI
reflecting a well specified model. The
structural paths revealed that resilient
landscape design exerted a substantial positive
effect on resilience perception (~0.64) and a
moderate direct effect on energy efficient
behavior (p~0.42). Resilience perception
demonstrated a meaningful influence on
behavioral outcomes (~0.51), confirming its
mediating role. Coefficient of determination
values showed that the model explains a
considerable share of variance in both
perception (R?*=0.53) and energy efficiency
behavior (R*=0.47), highlighting its predictive
relevance. Total effects analysis further
indicated that a large portion of behavioral
improvement emerges through the indirect
pathway, emphasizing the importance of
perceptual mechanisms alongside physical
design interventions. Overall, the findings
validate the integrated environmental
behavioral model and underscore the
necessity of combining climatic responsive
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